This article applies the Quadratic Almost Ideal Demand system (QUAIDS) model to households' weekly purchases of yogurt augmented with household characteristics to analyze consumer choices and estimate demand elasticities in the U.S. differentiated yogurt market after the introduction of Chobani brand in 2005. Results show that households with a college degree are more likely to purchase Chobani and Dannon brands rather than Yoplait and private labels. Except for Dannon, demand is price elastic, while the new brand of Chobani has a higher elastic demand compared to the Yoplait brand. Branded yogurts are expenditure elastic with the highest magnitude for Chobani among brands.
Introduction
The United States dairy industry delivers a large range of dairy products. The per capita consumption of dairy products has changed over the last four decades. While the consumption of fluid milk has decreased over time, the consumption of other manufactured dairy products such as cheese, ice cream, butter, and yogurt has increased (Blayney, 2010) . Yogurt is the fourth largest dairy category at the retail level (Hovhannisyan & Bozic, 2013) where its popularity is on the rise in the United States. Yogurt per capita consumption has increased from 4.0 pounds per person in 1985 to 14.7 pounds per person in 2015 (United States Department of Agriculture, 2016) . This increase in demand leads to an increase in yogurt sales which based on Nielsen-measured retail channels for refrigerated yogurt were $7.7 billion in 2015.
Market demand is one of the many factors that affect the profitability of a business. Decision-makers in the dairy sector, both public and private, require contemporaneous demand analysis (Maynard & Veeramani, 2003) especially after the change in per capita consumption of major dairy products in the last decades. The decision to alter the price of a product depends on both the own-price elasticity and the cross-price elasticity of a product (Hovhannisyan & Khachatryan, 2017) . How consumers respond to price changes is an important question for retailers to manage and develop their future marketing strategies to maximize their profit. Therefore, the main objective of this study is to calculate the demand elasticities of yogurt at the brand level. We believe that this study is an important one because, to the best of our knowledge, this is the first study that estimates the demand elasticities of main brands of yogurt after the introduction of Chobani. Own-price and expenditure elasticities can provide decision-makers with the necessary information to respond properly to the rapid changes in US economic, demographic and social structures. However, for the calculated elasticities to be useful for policymakers and the industry, they should be based on valid and reliable estimates. The findings of this paper can also help retailers to target consumers using their demographic information to increase sales as each group of individuals have different preferences for each yogurt brand.
There is a limited number of studies analyzing consumer demand at the brand level in the yogurt market. Early studies identified yogurt as a single aggregated product. Boehm (1975) used household panel data from April 1972 to April 1973 to estimate household demand for thirteen major dairy products in the Southern United States. The study revealed that household consumption of dairy products in the South tend to be lower than the national average due to the higher prices of dairy products and lower household income in the South compared to the national household income. The study suggests that an increase in income may lead to an increase in the purchases of yogurt more than other dairy products in the Southern United States. Davis et al. (2010) used Nielsen 2005 Homescan dataset to estimate the effect of total expenditure and demographic factors that affect demand for refrigerated, frozen and drinkable yogurt using a translog demand system. The study showed that refrigerated yogurt and drinkable yogurt were net substitutes for frozen yogurt. Demographic factors found to be significant only for frozen and drinkable yogurt. The presence of children in a household had a negative impact on the demand for frozen yogurt and a positive impact on the demand for drinkable yogurt. The paper revealed that yogurt prices and household income have an important impact on the demand for yogurt.
In another study, Davis et al. (2011 ) used Nielsen 2007 Homescan purchase data to estimate demand elasticities for sixteen products including refrigerated and frozen yogurt using a censored Almost Ideal Demand System (AIDS) model. Both uncompensated and compensated own-price elasticities showed price elastic demand for frozen yogurt but not for refrigerated yogurt.
Most recent studies have focused on estimating demand at the brand level. Villas-Boas (2007) used different supply models to analyze the vertical relationships between manufacturers and retailers using data from a Midwestern urban area from June 1991 to June 1993. Results from a random coefficients discrete choice model revealed an average own-price elasticity of -5.48, -5.65, and -6.15 for Dannon, Yoplait, and the private label, respectively. Mehta et al. (2010) examined demand elasticities at the brand level using a model of consumer demand proposed by Hanemann (1984) . Using ACNielsen scanner level yogurt data in Sioux Falls, South Dakota market from 1986 to 1988. Authors found inelastic demand for all studied brands of yogurt where the quantity elasticities were -0.6, -0.66, and -0.85 for Dannon, Yoplait, and the private label respectively. This paper addresses the important, but yet unanswered, question of how the demand elasticities of main yogurt brands in the United States have changed after the introduction of Chobani which was founded in 2005 and produces the majority of the country's Greek yogurt. What makes yogurt an interesting case study is its dynamic and fast-growing market (Mohammed et al., 2019) . The introduction of Chobani marked a turning point in the yogurt market since it has grown into a massive force that competes with huge yogurt brands after a tiny startup. Figure 1 shows the market share of main yogurt brands in the United States in 2015 where Chobani has the highest market share among brands i . In this study, the Quadratic Almost Ideal Demand System (QUAIDS) model is applied to 2008-2011 yogurt purchases data from 27 retailers located in Eau Claire, Wisconsin and Pittsfield, Massachusetts to estimate the demand for the main yogurt brands -Yoplait, Dannon, Chobani and the private label. Yogurt is chosen because of its fast-growing market due to greater health awareness. The availability of scanner data at the brand level and the substantial variation of yogurt and consumer characteristics, offer a good opportunity for a case study in estimating the demand elasticities. In the next section, the quadratic almost ideal demand system model is explained. Then data definitions and sources are presented following by the main findings of the study. Finally, the conclusion of this study and suggestions for future research are presented. 
Model
The traditional approach to estimate demand systems is using the Almost Ideal Demand System (AIDS) introduced by Deaton and Muellbauer (1980) . The AIDS model has budget shares that are linear functions of log total expenditure. Empirical studies on the relationships between a commodity's budget share and total expenditure which is known as the Engel curve indicate that further terms in total expenditure are required for some expenditure share equations (Lewbel, 1991; Blundell et al., 1993) . Banks et al. (1997) show that a nonparametric analysis of consumer expenditure patterns suggests that Engel curves require quadratic terms in the logarithm of expenditure. They derive an extension of the AIDS model -the quadratic almost ideal demand system (QUAIDS) which also includes a higher-order total expenditure term. In this study, we estimate the demand parameters and the price and income elasticities using the QUAIDS model which has been broadly used recently by demand analysis studies of fish and meat (Lambert et al., 2006) ; food (Abdulai & Aubert, 2004; Bopape, 2006; Hoang, 2018) , yogurt (Davis et al., 2010) , wine (Cembalo et al., 2014) , and ornamental plants (Hovhannisyan & Khachatryan, 2017) .
Let denote the quantity of brand i consumed by a household, and define the expenditure share for brand i as = / where is the price of brand i and is the household total expenditure, the QUAIDS model in budget shares is (Banks et al., 1997) :
where p is a vector of prices, a(p) is a function that is homogeneous of degree one in prices, b(p) is a function that is homogeneous of degree zero in prices, , , , and are parameters to be estimated. Adding-up requires that ∑ = 1.
Notice that when = 0 for all i, the quadratic term in each expenditure share equation drops out and we are left with Deaton and Muellbauer's (1980) original AIDS model. Hence, the AIDS model is nested within QUAIDS, the AIDS specification can be tested based on the statistical significance of the λ's.
Sociodemographic variables are typically incorporated into demand system analysis through the linear demographic translation method of Pollak and Wales (1978) to control for varying preference structures and heterogeneity across households. Let h = 1,…, N denote households, the budget shares equations for household h can then be represented as follow ii :
is a set of demographic variables for household h. Commodity prices are indexed with the household superscript because households in different clusters face different prices at the store level.
In most scanner-level data, prices are not observed directly and it must be calculated from the dollars paid by the household during each shopping trip where the calculated price is more likely endogenous. Since the difference between different brands of yogurt is small, we argue that the effect of price endogeneity on estimation is very small (see Chen et al.,2018 for more detail). In the same way, how much of each brand to buy and how much to spend on yogurt is another household's decision that makes the expenditure endogeneity. Expenditure endogeneity is also arising by other unobserved components in the budget share equations. Therefore, we include household income and family size as instruments in addition to the price index in the demand equation and other sociodemographic variables to augment the demand system (see Dhar, et al., 2003; Thompson, 2004; Xiong, et al., 2014) . The total expenditure equation has a reduced form and is jointly estimated with the demand system:
where is a vector of sociodemographic variables explaining the total expenditure, and is the corresponding conformable vector parameter vector.
Handling a large number of "zero" purchases is one of the econometric challenges in the analysis of consumer survey data (Deaton, 1997) . In the differentiated yogurt market, the percentages of zero-brand consumption (censoring) are severe. Each of Chobani and private label yogurt is consumed by 32 percent of households while Dannon and Yoplait are consumed by 83 and 91 percent of households respectively. In the demand literature, several approaches are introduced to handle left-censoring after the primal approach of Kuhn-Tucker (Wales &Woodland, 1983) .
Most recently, Yen et al. (2003) proposed a quasi-maximum likelihood estimator (QML) to estimate the censored demand system by dropping the n-th good equation as a residual category and estimating the resulting n-1 equation system with the identity ̂ = 1 − ∑̂ − . The QML procedure had not been applied in censored demand estimation because of its computational challenge as it requires evaluating multiple probability integrals. Another disadvantage of this procedure is that the resulting estimates are not invariant to the dropped equation, and ̂ could sometimes be negative (Garcia-Enriquez et al., 2016) . The two-step procedure developed by Shonkwiler and Yen (1999) considers an alternative procedure that produces consistent parameter estimation. However, this procedure is less efficient than MLE (Yen and Lin, 2006) . Nevertheless it remains an attractive alternative and it is still widely used in empirical literature (Sckokai & Moro, 2009; Schrock, 2012; Khaliukova, 2013; Hailu et al., 2014; Hovhannisyan & Khachatryan, 2017; Chen et al., 2018) due to its simplicity. Therefore, we apply this procedure in this paper. Shonkwiler and Yen (1999) derive the unconditional mean of the expenditure share for yogurt brand such that:
where . and . are the cumulative distribution function and standard normal probability density function, respectively, ψ is a vector containing all parameters in a particular demand equation, is a vector of exogenous variables governing the purchasing decision, and is a conformable vector of parameters.
Estimation of budget share equations can be performed in two steps: in the first step, known as the purchase decision, the maximum-likelihood probit estimates ̂ of are obtained iii using the binary outcomes of = 0 and > 0, and then in the second step calculate ̂ and ̂ for all i and estimate and 's in the augmented system:
with maximum likelihood estimation (MLE) or seemingly unrelated regression (SUR) where = − | , , . Note that the disturbance terms in equation (5) are heteroscedastic (Shonkwiler & Yen, 1999) which can be corrected for using robust standard errors (Hailu et al., 2014) .
A major drawback of Shonkwiler and Yen (1999) procedure is that the adding-up property of the demand system cannot be imposed any longer (see, Drichoutis et al., 2008) . The adding-up complication using this procedure is addressed using Pudney's (1989) approach by treating one brand of yogurt as a residual category and estimates its expenditure as the difference between total expenditure and expenditure on all other yogurt brands. Therefore, private label is considered as a residual category. After imposing homogeneity and symmetry restrictions, expenditure elasticities of non-residuals categories are derived by differentiating the budget share equations of (5) with respect to ln m. Expressions are simplified using the intermediate results following Banks et al. (1997) :
= 1
In the same way, Marshallian or uncompensated price elasticities of non-residual categories are derived by differentiating the budget share equations with respect to ln . Using expression , the formula for the Marshallian price elasticities can be written as:
where is the Kronecker delta equals 1 if i = j and 0 otherwise.
Using the Slutsky equation, the Hicksian or compensated price elasticities of non-residual categories are calculated:
Estimated elasticities of non-residual categories can be used to calculate elasticities of the residual category. Therefore, the adding-up theoretical restrictions from the demand theory can be met (Yen et al., 2003) . Note that expenditure, the Marshallian, and Hicksian elasticities for the residual category can be calculated using the budget constraint (Yen et al., 2003) :
Data
Data used in this study is household weekly purchases from 27 retailers collected by Information Resource Inc. (IRI). The data is at the chain level from the city of Eau Claire in Wisconsin and the city of Pittsfield in Massachusetts for the period 2008-2011. These datarepresents the most recent years that were available to us. This database consists of a representative panel of about 4200 households who made about 520 thousand purchases during this period. The data provides information for each product at the Universal Product Code (UPC) level, dollar amount paid, volume of purchases, retailers, and weeks. Information on product characteristics are obtained from the product category dataset, which contains information on brand, volume equivalent, flavor, fat content, and organic information. Using volume equivalent information, the volume of purchases is converted to a brand quantity and then retail prices are obtained from brand quantity and dollar amount paid information.
This study focuses on brands with the highest market shares which are Yoplait, Dannon, and Chobani respectively, in addition to the private label which comes in the fourth place. Table 1 presents the summary statistics of yogurt brands. After dropping observations with key explanatory variables missing, the sample size is 25,372. Data is complemented with a college dummy variable equals 1 if the household head has a college degree and above, in addition to a child dummy if households have children. Income of the household and the family size are also used as instrumental variables to deal with the endogeneity bias caused by the expenditure on yogurt. This information is also obtained from the panel demographics dataset provided by IRI for the actual yogurt consumers, which are 5142 households, who made purchases during the year of 2008-2011. Table 2 presents the summary statistics of household demographic variables. Table 3 reports the estimation results from the first step probit models to interpret the sociodemographic and price effects on yogurt purchases in terms of probabilities. Even though probit models are estimated to compute the probability and the cumulative density values, this step is also aimed to show that the buying decision does not occur randomly, and to determine the variables that predict it. As mentioned in the model section, the dependent variable in the probit model is a binary variable taking a value of one if positive purchase occurs by households for a specific brand and zero otherwise; while the explanatory variables are: the household income, a dummy variable for a household head with a college degree, a dummy variable for a presence of children in a household, and log of prices. Households' head with a college degree are more likely to purchase Chobani and Dannon brands rather than Yoplait and the private label. Families with children in the household tend to purchase Dannon and Yoplait which have lower prices compared to Chobani. An increase in income will increase the probability of purchasing branded yogurt which has higher prices compared to the private label. In general, the effect of an increase in the price of the brand will decrease the probability that households buy the given brand where most parameters related to own prices are negative and significant. Parameter estimates from the nonlinear AIDS demand system are presented in Table 4 . The significance of estimated coefficients of 's allows us to choose easily between the original AIDS and the quadratic AIDS model. The null hypothesis that is zero in the budget share equation is rejected for Dannon and the private label. As a result, the quadratic AIDS model is preferred for the demand estimation at the brand level in this study.
Results

Demand Parameter Estimates
Elasticities
Elasticities are used to interpret the effect of yogurt price and household income on yogurt purchases. An examination of the expenditure elasticities is shown in the last column of Table 5 where all the estimates, except for the Private label, are statistically significant. The positive sign of estimated expenditure elasticities indicate that all these brands can be considered as normal goods. Demand for Chobani is more than unitary elastic which makes this brand a luxury good. A 1% increase in the household income will increase household expenditure on Dannon and Yoplait by 1.2% and 1.01%, respectively. Demand on a new brand of Chobani will substantially increase by 1.67% as an income of a household increases by 1%. Table 5 also reports uncompensated and compensated price elasticity estimates evaluated at the sample means along with the associated standard errors. Most estimates are statistically significant. Dannon has the lowest uncompensated own-price elasticity (-0.35) followed by the elastic demand of Yoplait (-1.62). The inelastic demand for Dannon reveals the popularity of this brand among yogurt consumers. Based on data from IRI in 2011, Danone comes in 84 different flavors where strawberry, blueberry, and vanilla are the most popular respectively. Chobani with the highest price among branded yogurt has the highest uncompensated own-price elasticity (-6.84). One possible reason why Chobani demand elasticity is of greater magnitude compared to other branded yogurt is the fact that Chobani was a new brand at that time and it was not very popular nationally and only 16 different flavors were offered on the market. Private label has a high uncompensated own-price elasticity (-3.43 ), but it is lower than the price elasticity of Chobani. -Boas (2007) found an average elastic own-price elasticity of -5.48, -5.65 and -6.15 for Dannon, Yoplait, and the private label respectively using Berry Levinsohn Pakes (BLP) model. Mehta et al. (2010) found inelastic demand of -0.6, -0.66, and -0.85 for Dannon, Yoplait, and the private label respectively using an integrated framework proposed by Hanemann model. It can be noticed that our estimates are not consistent with the elastic demand of the first study and inelastic demand for the second study. One possible reason is that each study peruses different markets during different periods. Our study investigates the yogurt market after a change in market competition by the introduction of Chobani in 2005. Compared to the former paper, after the introduction of Chobani, each of Yoplait and private labels lost their magnitude in terms of elasticity but they are still elastic while demand for Dannon became inelastic. Relationships among yogurt groups are also identified by estimated compensated cross-price elasticities. Most cross-price elasticities are positive and significant, indicating yogurt brands are substitutes, but the substitution among groups is asymmetric. An increase in the price of Chobani will increase the demand for Dannon, Yoplait, and the private label substantially, while an increase in the price of Dannon will not increase the demand for Chobani. In the same way, an increase in the price of Dannon will increase the demand for Yoplait, while an increase in the price of Yoplait will not increase the demand for Dannon.
Villas
Conclusion
The brand of yogurt considers an important attribute affecting consumers purchasing decisions. The main objective of this study is to estimate the demand elasticities at the brand level in the yogurt market. This study is motivated by the study of Villas-Boas (2007) where the author investigates a high elastic demand for major players in the yogurt market. This paper seeks to investigate the change in demand elasticities after the introduction of one of the recent most popular brands of Chobani. The analysis employed households' yogurt purchases from two cities in the states of Massachusetts and Wisconsin, and their demographic characteristics from IRI. Results indicate that the demand for a new brand of Chobani is substantially elastic compared to other main brands of Dannon and Yoplait. Households with a college degree are more likely to buy Chobani, while an increase in income will increase the demand for all branded yogurt.
The concept of price elasticity of demand is important for formulating government policies, like the taxation policy or the policy of protection. Any regulation that might lead to an increase in the price of milk, for example, would affect the yogurt production costs, and then its market revenues. The brand of Chobani would be highly affected by such a policy due to its high elastic demand. The knowledge of elasticity of demand is also essential for management in the determination of price to earn maximum profit. If the demand for a product is elastic, like the Chobani brand, the producer should charge a low price, whereas, for an inelastic demand, like the Dannon brand, the producer can charge a high price for it. Furthermore, the knowledge of income elasticity is essential for management for demand forecasting of producible goods in the future. Finally, retailers can target consumers using their demographic information to increase sales as each group of individuals has different preferences for each yogurt brand. As shown in Table 3 , for example, families who have children in the household tend to purchase Dannon and Yoplait than the higher-priced brand of Chobani.
Unfortunately, IRI provides only the demographic information for two states of Massachusetts and Wisconsin which is a big data limitation of this study. This limitation provides an interesting direction for future research to widen the geographical scope of yogurt demand study to the entire U.S. market. Another extension of this study would be assuming different supply models like the widely used Bertrand-Nash pricing model, a leader-follower (Stackelberg) framework, or a joint-profit maximization (monopoly) game, to provide the market power each brand has in the yogurt market. Yoplait maker General Mills has launched a new "French-style" yogurt called "Oui" in July 2017 which would a very interesting topic for future studies to analyze the effect of this new product's introduction to the yogurt market.
